Introduction Urinary stone disease is a major urological condition. Endourologic techniques have influenced the clinical approach and outcomes. Open surgery holds a historic importance in the management of most conditions. However, complex kidney stone burden may be amenable to successful results with open stone surgery. In this article, we report our eighteen cases of complex urinary stone disease who underwent open stone removal. Material and methods A total of 1701 patients have undergone surgical treatment for urinary stone disease in our clinic between July 2012 and July 2016, comprising eighteen patients who underwent open stone surgery. Patients' demographic data, stone analysis results, postoperative clinical data, and stone status were evaluated retrospectively. The choice of surgical approach is mostly dependent on the surgeon's preference. In two patients, open surgery was undertaken because of perioperative complications. Results We did not observe any Clavien-Dindo grade 4 or 5 complications. Three patients were managed with a course of antibiotics due to postoperative fever. One patient had postoperative pleurisy, one patient had urinoma, and two patients had postoperative ileus. Mean operation time was 84 (57-124) minutes and mean hospitalization time was 5.5 (3) (4) (5) (6) (7) (8) days. Stone-free status was achieved in 15 patients (83.3%). Conclusions Endourologic approaches are the first options for treatment of urinary stone disease. However, open stone surgery holds its indispensable position in complicated cases and in complex stone burden. Open stone surgery is also a valid alternative to endourologic techniques in all situations.
INTRODUCTION
Urinary stone disease has been well known since ancient times [1] . Before the endourology era, the main approach has relied on conservative surveillance or open stone removal. Since the technical advancements of surgical instruments and the evolvement of the main clinical approach to stone disease through endourologic options, contemporary management of the disease consists mainly of minimally invasive techniques [2, 3] . Open surgery for most urinary stones currently holds only a historical importance.
However, mainly in endemic areas, urologists still faced patients with complex urinary stone disease. The main appearance of the complex urinary stone disease occurs as high stone burden and anatomical anomalies of the collecting system [4, 5] (Figure 1 ). In these patients, several minimally invasive interventions with consequent Shock Wave Lithotripsy (SWL) sessions may be required. Open surgery, despite its more invasive nature, can be offered as an initial treatment option to these patient groups for a high stone clearance rate with fewer interventions. Hence, the aim of this retrospective study 
MATERIAL AND METHODS
Between July 2012 and July 2016, 1701 patients underwent surgical treatment of urinary stone disease. Among them, 322, 1361, and 18 patients underwent percutaneous nephrolithotomy (PCNL), ureterorenoscopy (URS), and open stone surgery, respectively. Retrograde intrarenal surgery (RIRS) was initiated in our clinic at the end of 2015. Therefore, a relatively low number of patients who underwent RIRS procedures were not included in this retrospective cohort. Patients' data were evaluated retrospectively. All patients were evaluated for any hematologic or internal disease and a plain Kidney-Ureter-Bladder (KUB) X-Ray, Intravenous Urography (IVU), and Non-Contrast Computerized Tomography (NCCT) scan of the abdomen were obtained before surgery. Urine cultures were obtained routinely. Patients with positive cultures were operated after proper antibiotic therapy and sterilization of urine. Patients with negative urine cultures were operated under second-generation cephalosporin prophylaxis. Among our patient cohort, some patients hold unique importance; one patient had a pelvic kidney and one patient had a horseshoe kidney (Figure 2 ), two patients underwent left and right open pyelolithotomy in different sessions (Figure 3 ), one patient had previous URS history with forgotten Double J (DJ) ureteral stent which was broken in the middle by a bladder stone (Figure 4) . In two patients, open surgery was undertaken due to failure to obtain percutaneous access and total ureteral stripping. In the remaining patients, the surgical approach was determined based on surgeons' experience and with patients' informed consent. Surgeries were performed by four different surgeons in our institution and all surgeons had more than 10 years of experience in urology. High stone burden with Cumulative Stone Diameter (CSD) exceeding 5 cm, rotation anomaly, concurrent ureteropelvic junction obstruction and staghorn stones involving all calyces were considered for open surgery. Demographic data of our patient group is summarized in Table 1 . All surgeries were carried out in an extraperitoneal fashion using a subcostal flank approach. Nephrotomy procedures were carried out under cold ischemia with incision of Brodel's line posteriorly. Simultaneous pyeloplasty and pyelolithotomy cases were car- Abdominal NCCT scans and renal ultrasound were performed at postoperative first month and stone status was evaluated by scan results. Patients were followed up in three-month periods during the first year. Creatinine levels, complete blood count and urinary analysis were obtained during follow-ups. Stone status was evaluated by renal ultrasound and we proceeded to further imaging modalities when required after first month follow-up. Preoperative and postoperative stone burdens were calculated by CSD (cm) of the stone on the KUB film and the total volume of the stone (cm 3 ) was calculated from axial images with coronal reconstructions of NCCT scan with length x height x width x π x 1/6 formula [6, 7] . All NCCT scans were performed by a 64-detector CT machine (Aquilion 64, Toshiba, Tokyo, Japan) with 1 mm slice thickness. Radiologic measurements were determined using digital calibers of the software of our hospital (ExtremePACS, Ekstrem Bir, Ankara, Turkey). After NCCT scans, sagittal and coronal reformatted images were obtained with 1 mm slice thickness. Even though the exact prediction power of the formula for asymmetrical stones was criticized, considering the massive stone burden of our patient group, we concluded that the calculated volume using the algebraic formula was sufficient [8] . Tables 2 and 3 .
RESULTS

DISCUSSION
Urinary stone disease was mentioned and treatment of the condition was also described in ancient texts from Persian, Greek, Egyptian and Indian civilizations [1, 9] . Today, one in every 11 individuals experience stone disease during their life and total economic burden of the disease accounts for more than $10 billion expenditures annually, according to the US data [10, 11] . An increasing prevalence of the disease was reported, especially in the older population, tabase of the UK and reported a significant increase in the number of performed ureterorenoscopies with a concurrent decline in open surgery. They have also reported a decrease in hospitalization times and increase in the number of day cases with the common application of endourologic treatments [3] . Previous reports comparing complications between patients who underwent PCNL and open surgery usually concluded in favor of PCNL in terms of complications and postoperative pain [18, 19] . Even though higher complication rates after PCNL in patients who had previous open renal surgery was reported by a meta-analysis, PCNL can also be performed successfully on such patients [20, 21] . In our case series, we have observed a high stone clearance rate, which would be impossible with endourologic interventions during only one session. Our complication rates were acceptable and none of the patients required a second look intervention. Our postoperative stone-free rate is arguably low. However, this is the result of the high stone burden of our patient group. At postoperative assessment, we observed a significant success to remove urinary stones and CSD of residual fragments were lower than 1 cm ( Figure 5 ). This low stone-free rate is mostly affected by small stone fragments, which were entrapped in deep calyxes and were not palpable during surgery ( Figure 6 ). Open surgical approach to patients with complex stones, comorbidities, orthopedic problems and in case of complications or failure of access to collective system in endourologic procedures is also accepted in contemporary practice. We also recommend informing patients about open surgery as an option even though it is not the first method of choice and we believe that this information is a part of patients' rights. A B Figure 5 . Removed stones from the patient whose preoperative KUB X-Ray is shown in Figure 1A . 
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rences during follow-ups. Even though the correlation of renal ultrasound with NCCT at first month follow-up strengthen the diagnostic value, further follow-ups were mostly relied on renal ultrasound which is not as sensitive as NCCT. 
